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[57) ABSTRACT

A self-oscillating power supply circuit comprises a se-
ries arrangement of the pnmary winding (N)) of a trans-
former (TR), the main current path of a first semicon-
ductor switch (Ti) and a current measuring resistor
(R3). The first semiconductor switch is driven by a
second semiconductor switch (T3) which in turn is
controlled by a comparator (CP). The voltage across
the current measuring resistor is applied to the non-
inverting input (6) of the comparator and, a reference
voltage obtained from a reference voltage source (RS)
1s apphied to the comparator inverting input (5). By
arranging a capacitor (C;) between the output of the
second semiconductor switch and the inverting input
(8) of the comparator, the first semiconductor switch
rapidly turns-off at the end of the forward phase at an
accurately determined current through the primary
winding. By applying a lower reference voltage to the
comparator at a higher mains voltage, an output current
1s obtained from the transformer secondary winding
(N2) for the load L, which is substantially independent
of the mains voltage.

2 Claims, 4 Drawing Sheets
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HIGH SPEED POWER SUPPLY CIRCUIT WITH
CIRCUIT WITH POSITIVE FEEDBACK

This 1s a continuation of application Ser. No.
07/404,931 filed Sept. 7, 1989 and now U.S. Pat. No.
4,939,632.

BACKGROUND OF THE INVENTION

The invention relates to a power supply circuit for
supplying a load from input voltages of different magni-
tude, comprising a first series arrangement formed by a
primary winding of a transformer and a main current
path of a first semiconductor switch; a second series
arrangement formed by a secondary winding of the
transformer and a rectifier diode, this second series
arrangement having terminals for connecting the load; a
second semiconductor switch for switching the first
semiconductor switch; and means for generating a sig-
nal which i1s a measure of the current through the pri-
mary winding.

Such a circuit can, for example, be used for charging
a rechargeable battery or for supplving an electronic
apparatus, 1t being possible to connect the apparatus
without switching to voltage sources of different mag-

nitude, for example to the electric power mains in dif-
ferent countries. Such a power supply circuit can more

specifically be used in a rechargeable electric shaver in
which the circuit produces the current for charging the
battery or for supplying the motor.

A power supply circuit of the type referred in the
opening paragraph is disclosed in EP-B1-0030026. This
European Patent describes a power supply circuit in
which, during the, so called, forward phase, a current
which flows flowing through the primary winding in-
creases linearly with time. This current causes energy to

be stored in the transformer. In the emitter line of a first

transistor which constitutes the first semiconductor
switch, a resistor is included across which a voltage 1s
produced which is proportional to the primary current.
The base-emitter junction of a second transistor is ar-
ranged in parallel with this resistor. This transistor con-
stitutes the second semiconductor switch. The resistor
constitutes said means for generating the signal which 1s
a measure of the primary current. At a given value of
the primary current the second transistor becomes con-
ductive and consequently the first transistor is rendered
non-conducting. This terminates the forward phase and
the, so called, flyback phase starts. Because of the en-
ergy stored in the transformer a secondary current
flows in the secondary winding during the flyback
phase. This current forms the charging current for the
batteries or directly provide the supply current for the
relevant apparatus. The secondary current decreases
linearly with time. At the end of the flyback phase the
first transistor is turned-on again, and another forward
phase begins.

In the prior art supply circuit a signal which linearly
increases with time is applied during the forward phase
to the control immput of the second semiconductor
switch. Due to this signal, the second semiconductor
switch is driven relatively slowly into the conducting
state. This implies that the instant at which the second
semiconductor switch becomes conductive and conse-
quently the first semiconductor switch is rendered non-
conducting is not accurately defined, so that the turn-
off value of the primary current is not accurately de-
fined.
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2
SUMMARY OF THE INVENTION

The invention has for its object to provide a power
supply circuit in which the second semiconductor
switch is turned-on rapidly.

Therefore, according to the invention, the power
supply circuit is characterized in that an output of said
means for generating a signal which i1s a measure of the
current through the primary winding 1s connected to a
first non-inverting input of a comparator, a second 1n-
verting input of which i1s connected to an output of
means for fixing a reference voltage and an output of
which 1s connected to a control input of the second
semiconductor switch, and the inverting input of the
comparator is coupled via a capacitor to an output of
the second semiconductor switch.

Not until the signal which is a measure of the primary
current has reached a level determined by the reference
voltage will the comparator supply a control signal by
means of which the second semiconductor switch is
turned-on and consequently the first semiconductor
switch 1s rendered non-conductive conductive. Conse-
quently, no signal i1s applied to the control input before
the primary current has reached said level. Because a
positive feedback circuit 1s established between the
output of the second semiconductor switch and its con-
trol input, via the capacitor and the comparator, the
second semiconductor switch becomes rapidly conduc-
tive and consequently the first semiconductor switch is
rapidly rendered non-conducting. The turn-off value of
the pnimary current 1s accurately determined thereby.

A fast turn-off of the first semiconductor switch has
the advantage that this reduces the dissipation of energy
in this switch to a considerable extent. Particularly for a
compact apparatus, such as, for example, a shaver, this
1s a considerable advantage as it reduces the necessity of
providing cooling means.

An embodiment of the power supply circuit accord-
ing to the invention, in which the first and second semi-
conductor switches are constituted by first and second
transistors, 1s characterized in that the comparator is
formed by a third transistor of a conductivity type op-
posite to that of the first and second transistors and
whose base constitutes the inverting input and the emit-
ter the non-inverting input and the collector constitutes
the output. Such a transistor is suitable for use as a
comparator and is cheap.

Preferably, the power supply circuit according to the
invention is characterized in that the means for fixing a
reference voltage have has a control input for receiving
a signal which i1s a measure of the input voltage and that
these means are arranged for supplying a reference
voltage which 1s lower as the input voltage is higher.
Since the reference voltage supplied depends in the
manner described on the input voltage of the power
supply circuit, the average intensity of the output cur-
rent i1s kept constant within given tolerances at an ap-
propriate choice of this voltage dependence.

A further embodiment of the power supply circuit
according to the invention is characterized in that the
means for fixing a reference voltage are constituted by
a circuit formed by a fourth transistor whose base-emit-
ter junction is arranged in parallel with a first resistor,
whose base-collector junction is arranged in parallel
with a second resistor, the junction point of the collec-
tor of the fourth transistor with the second resistor
constituting an output of the means for fixing a refer-
ence voltage, and the junction point between the base of
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the fourth transistor and the first and second resistors
constituting a control input for receiving a control sig-
nal. The magnitude of the reference voltage thus gener-
ated 1s provided by the magnitude of the control volt-
age applied to the base of the fourth transistor. It should 5
be noted that in EP-A-0188839 a power supply circuit is
disclosed of this type in which the control input of the
second semiconductor switch i1s coupled to means for
generating a signal which i1s a measure of the current
through the primary winding via what is commonly 10
denoted as a Vgp-multiplier. However, 1n this known
circuit the second semiconductor switch 1s driven only
slowly into the conductive state, so that in this circuit
too the turn-off value of the prmimary current 15 not
accurately determined. 15

Another further embodiment of the power supply
circuit according to the invention 1s characterized In
that the means for fixing a reference voltage comprise a
current mirror circuit having a primary and a secondary
branch, the current-mirror circuit being arranged such 20
that the current flowing through each of the two
branches i1s substantially proportional to the input volt-
age. By feeding the secondary branch from a constant
supply voltage and by incorporating in the secondary
branch a resistor across which a voltage 1s generated 25
which is proportional to the input voltage, the reference
voltage source produces a reference voltage which
decreases hinearly with an increasing input voltage.

The power supply circuit according to the invention
1s preferably characterized in that the second series 30
arrangement of the secondary winding and the rectifier
diode provided with terminals for connection of the
load 1s arranged in series with the main current path of
the first semiconductor switch. In this preferred em-
bodiment the load, which 1s arranged in parallel with 35
the secondary winding, is not only supplied from the
transformer during the flyback phase, but also directly
during the forward phase by the primary current from
the applied mnput voltage. The power supply circuit
according to the inventton may be further characterized 40
in that the means for generating a signal which 1s a
measure of the current through the primary winding 15
arranged between the first semiconductor switch and
the second series arrangement. In this situation the ter-
mination of the forward phase also depends on the stor- 45
age battery voltage. so that the charging current of the
storage battery decreases at higher battery voltage lev-
els.

A power supply circuit according to the invention 1s
eminently suitable for mntegration, at least partly, in an 50
integrated circuit. An integrated circuit for use 1n a
power supply circuit according to the invention prefer-
ably comprises the second semiconductor switch, the
comparator and the reference voltage source.

BRIEF DESCRIPTION OF THE DRAWING

The invention will now be described, by way of ex-
ample, in greater detail with reference to the accompa-
nying drawing, in which:

FIG. 115 a first circuit diagram of the power supply 60
circuit according to the invention,

F1G. 215 a second circunt diagram, of the invention in
which the load is arranged in series with the main cur-
rent path of the first semiconductor switch,

F1G. 3 shows a first embodiment of a power supply 65
circutt according to the invention, and

FIG. 4 shows a second embodiment of a power sup-
ply circutt according to the mvention.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows the circuit diagram of a self-oscillating
power supply circuit according to the invention.

The primary winding N; of a transformer TR, the
main current path of a first transistor T} and a current
measuring resistor R are arranged 1n series between the
positive input terminal 1 and the negative input terminal
2. This this transistor T constitutes the first semicon-
ductor switch. The base of the first transistor is coupled
to the negative input terrnal 2 via the main current
path of the second transistor T, which constitutes the
second semiconductor switch. The base of the second
transistor T3 is connected to the output of a comparator
CP which has an inverting input 5 connected to the
output of the means for fixing a reference voltage, for
example, a reference voltage source RS a second, non-
inverting, input 6 i1s connected to that terminal of the
current measuring resistor R that is closer to the first
transistor. The base of the first transistor T; i1s further
coupled to the positive input termmnal 1 via a starter
resistor R>. The secondary winding N> of the trans-
former TR i1s arranged in senies with a rectifier diode
D between two terminals 3 and 4. A load L which, for
example, a sernies arrangement of two rechargeable bat-
teries A and A»>, with which a motor M can be ar-
ranged 1n parallel via a switch S, is connected to the two
terminals 3 and 4. The junction point 7 of the secondary
winding N> and the rectifier diode D) is coupled to the
base of the first transistor T; via a positive feedback
circuit formed by a series arrangement of a resistor R
and a capacitor C;. The collector of the second transis-
tor T, and consequently the base of the first transistor
T, 1s coupled via the capacitor Cj to the inverting input
5 of the comparator CP. Finally, an input 8 of the refer-
ence voltage source 1s connected to the positive input
terminal 1 via the resistor Ra.

At for a constant value of the input voltage the circuit
operates as follows. After the application of an input
voltage, a d.c. voltage or a rectified a.c. voltage, to the
input terminals 1 and 2 a small current starts flowing
through the starter resistor Rj into the base of the first
transistor T;. This transistor is partly rendered conduc-
tive thereby, so that a small primary current starts flow-
ing through the primary winding Nj of the transformer
TR. This pnimary current induces a voltage across the
secondary winding N3z, which induced voltage gener-
ates a current in the positive feedback circuit formed by
the resistor R3 and the capacitor C;, this current 1s fed
to the base of the transistor T causing this transistor to
become conductive to an increased extent. Via the posi-
tive feedback circuit the first transistor is thus driven
rapidly to the fully conductive state, whereafter a pn-
mary current which linearly increases with time flows
through the primary winding N;. Together with the
primary current a voltage, which also increases linearly
with time, 1s produced across the current measuring
resistor Ri. This voltage, 1s applied to the non-inverting
input 6 of the comparator CP. A reference voltage
which 1s obtained from the reference voltage source
RS, 1s apphied to the inverting input § of the compara-
tor. As soon as the voltage across the current measuring
resistor R reaches a level determined by the reference
voltage, the comparator changes state and a signal be-
comes available at the output of the comparator CP 1n
response to which the second transistor T 1s rendered
conductive. This causes the voltage at the base of the
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first transistor T to be decreased, so that this transistor
is cut-off and the primary current stops flowing. This
phase of a cycle 1s called the forward phase.

Since the collector of the second transistor T3 is cou-
pled via the capacitor C; to the inverting input of the
comparator, the voltage drop across this collector is
conveyed to the input of the comparator. This causes
the voltage difference between the two inputs of the
comparator to increase and consequently the control
current for the base of the second transistor T; supplied
by the comparator. As a result thereof the second tran-
sistor becomes increasingly conductive which causes
the voltage at its collector to decrease still further.
Consequently, because of the positive feedback due to
the capacitor C;, the second transistor T3 is very rapidly
rendered conductive, as a resuit of which the first tran-
sistor Tis also driven very rapidly out of its conducting
state. The value of the pnmary current at which the
forward phase is terminated is consequently determined
very accurately.

During the forward phase the rectifier diode Dj1s in
the non-conducting state. After the primary current has
ended, the polarity of the voltage across the secondary
winding N> changes so that the rectifier diode becomes
conductive. The energy stored in the transformer is
thereafter transferred in the form of a current to the
load L, for example for charging the batteries A} and
A>. During this phase, denoted the flyback phase, the
current decreases hinearly to zero, whereafter the tran-
sistor T 1s switched on agan via the positive feedback
circuit formed by R3 and C; and a subsequent forward
phase starts. |

At a different, higher value of the input voltage the
primary current increases during the forward phase to a
different, faster, extent. Since the average output cur-
rent at a fixed load is determined by the period of the
cycle and the energy level of the transformer, the aver-
age output current through the load increases, for a
high input voltage because of the increasing frequency.
This effect, an input voltage-dependent output current,
is not wanted. To suppress this voltage dependence a
voltage which 1s proportional to the input voltage 1s
applied to the input 8 of the reference voltage source via
a resistor R4. The reference voltage source RS is ar-
ranged such that the reference voltage supphed 1s lower
as the voltage at the input 8 is higher. In response to the
lower reference voltage the primary current reaches the
level at which the first transistor T, 1s turned-off via the
second transistor T> at an earlier instant. Consequently,
the forward phase is shortened so that the average out-
put current remains the same in spite of the higher mput
voltage across the terminals 1 and 2.

It should be noted that the signal applied to the refer-
ence voltage source, which is a measure of the magni-
tude of the input voltage, can be obtained in a different
manner, for example from the junction point 7 of the
secondary winding N> and the rectifier diode D, or can
be generated with the aid of additional elements, for
.example an auxiliary coil. During the forward phase the
voltage at the point 7 is proportional to the input volt-
age via the turns ratio.

FIG. 2 is a second circuit diagram of the power sup-
ply circuit according to the invention, in which how-
ever the load L is arranged 1n senes with the main cur-
rent path of the first semiconductor switch T;. This
circuit diagram comprises the same elements as the
circuit diagram of FIG. 1. These elements are given the
same reference numerals.
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The mode of operation of this circuit 1s substantially
the same as the mode of operation of the circuit de-
scribed in the foregoing. After the first transistor T, has
been rendered conductive via the starter resistor R»> and
the positive feedback circuit formed by the resistor Rj
and the capacitor C;, the primary current, whose inten-
sity increases lhinearly, does not only flow through the
primary winding N; of the transformer TR, the main
current path of the transistor T and the current measur-
ing resistor R, but also through the load L. The load is
consequently also fed during the forward phase. In all
other aspects the operation of the circuit described in
the foregoing is identical to that of the circutt of FIG. 1
and will therefore not be described in greater detail.

FIG. 3 shows an embodiment of a circuit according
to the invention. In this circuit the elements correspond-
ing to the preceding circuit diagrams are given the same
reference numerals.

The power supply circuit 1s connected to the AC
supply voltage via the rectifier bridge G and the
smoothing filter comprising the coil L and the capaci-
tors Ci3 and C4. One of the input lines of the rectifier
bridge G incorporates the resistor F which acts as a fuse
and limits and interrupts the switch-on and transient
currents in the case of excessive mains currents.

Similar to what has been described in the foregoing,
this embodiment is based on a first series arrangement of
the primary winding Nj of the transformer TR, the first
semiconductor switch T; and the current measuring
resistor R} and a second series arrangement of the sec-
ondary winding N3 of the transformer and the rectifier
diode D; which 1s arranged 1n paralle] with the load L.
The load L 1s arranged in series with the first series
arrangement between the current measuring resistor
and the negative input terminal 2 of the power supply
circuit. A snubber circuit fo-med by the Zener diode
D> and diode D3 1s arranged parallel to the primary
winding N to suppress voltage peaks on switch-off of
the current through the primary winding of the trans-
former. The starter resistor R is not directly connected
to the positive input terminal but 1s arranged in parallel
with the collector-base junction of the first transistor
T; which constitutes the first semiconductor switch.

In contradistinction to the preceding circuit dia-
grams, the positive feedback circuit between the junc-
tion point 7 of the secondary winding N> with the recti-
fies diode D) and the base of the transistor T 1s assem-
bled from a senes arrangement of two resistors R3 and
Rs with an interposed capacitor Ci. A Zener diode Dy
whose anode faces the emitter of the transistor is pro-
vided between the junction point of the resistor Rs5 with
the capacitor C; and via resistor R; the emitter of the
first transistor Ty. The Zener diode D4 limits the maxi-
mum voltage which can be applied to the base of the
first transistor T;. As a result thereof the transistor T
cannot be saturated too much so that the delay which
occurs at the turn-off of the first transistor T; after the
second transistor T> has been rendered conductive 1s
limited. The effect of the Zener diode D4 1is independent
of the mput voltage.

The second semiconductor switch, transistor T,
which switches the first transistor Ty, is driven from the
comparator CP. This comparator is constituted by the
PNP-transistor T4 whose emitter is the non-inverting
input 6 and whose base is the inverting input 5. At the
beginning of the forward phase the PNP-transistor Ta1s
non-conducting. Dunng the forward phase the voltage
at the non-inverting input 6, the emitter of the transis-



5,101,334

”

tor. increases linearly unti] the difference between this
voltage and the voltage, determined by the reference
voltage source, at the inverting input 5, the base of the
transistor, has become that large enough that the PNP-
transistor T4 starts conducting a signal. which is apphed
to the base of the second transistor T3, then becomes
available a at the collector of the PNP-transistor, the
output of the comparator. Because of the non-linear
characteristic of the PNP-transistor T4 the signal ap-
plied to the base of the transistor T; increases rapidly.
This causes this transistor to become conductive as a
result of which the first transistor T is cut-off and the
forward phase is terminated.

A second capacitor C» 1s provided between the base

of the PNP-transistor T4 and the base of the first transis-

tor 1.
When, the PNP-transistor T4 has become slightly

conductive and the second transistor 15 also 1s rendered
conductive to some extent, the voltage at the collector
of the second transistor decreases. This decrease in
voltage is conveyed to the base of the PNP-transistor
T4 via the capacitor C;. As a result thereof the base-
emitter voltage of T4 increases, so that this PNP-transis-
tor 1s rendered conductive to a greater extent. In 1ts turn
the transistor T4 now renders the second transistor 1>
more conductive. Thus the second transistor T3 1s rap-
idiv rendered conductive, causing the first transistor T
to be rapidly cut-off.

The means R for fixing a reference voltage includes
a transistor T3. A first resistor Rgi1s arranged parallel 1o
the base-emitter junction of this transistor and a second
resistor Rg 1s arranged parallel to the base-collector
junction. The emitter of the transistor Ta1s connected to
that end of the resistor R that 1s remote from the first
transistor T4. The output of R; 1s constituted by the
junction point of the collector of the transistor T3 and
the second resistor Re¢. This junction point 1s connected
to the base of the PNP-transistor Ty

The means R; operate as follows. During the begin-
ning of the forward phase the transistor T3 1s non-con-
ducting. The output is connected to a voltage which 1s
equal to the voltage across that end of the current mea-
suring resistor R that faces the first transistor, which
voltage has been transferred via the comparator. Conse-
quently, a voltage equal to the voltage across the resis-
tor R is present across the means R;. When the pnmary
current increases, the voltage across the first resistor Ry
will increase proportionally thereto and consequently
also the base-emitter voltage of the transistor T3 until
the transistor Tastarts conducting. A further increase of
the voltage across the resistor Rj 1s then accompanied
by an increasing current through the transistor T3, the
voltage remaining the same. The voltage at the input of
the comparator consequently does not increase any
further, so that a constant reference voltage 1s obtained
during the remaining portion of the forward phase. The
forward phase 1s ended as soon as the voltage difference
between the inputs § and 6 of the comparator has in-
creased to such a high value that the PNP-transistor T4
starts conducting. The primary current then stops. The
voltage across the resistor R disappears, in response to
which the voltage across the means R; and across the
resistor R) decreases to zero. The transistor T3 then
changes again to the cut-off state.

The above description 1s based on the situation in
which there is a connection between the junction point
of the base of the transistor T4 T3 and the first and sec-
ond resistors Rg and Rg and an external voltage source.
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However, in the presence of an external voltage source
applying a voltage to this junction point, a bias voltage
will be applied across the first resistor Rg, and conse-
quently across the base-emitter junction of T3, which
causes the transistor T3 to start conducting at a lower
voltage across the current measuring resistor Ry. The
maximum voltage at the output of the means R;is conse-
quently also lower and the forward phase 1s terminated
at a lower value of the pnmary current.

In the embodiment shown in FIG. 3 the external
voltage i1s supplied by the secondary winding N> of the
transformer. Via the turns ratio this secondary voltage
is proportional to the input voltage connected to the
power supply circuit so that the external voltage ap-
plied to the reference voltage source is higher as the

input voltage increases. The bias voltage across the
resistor Rgis determined by the voltage divider formed

by the first resistor Rg and the current-limiting resistor
Ras.

FIG. 4 shows a second embodiment of a power sup-
ply circuit according to the invention. In this circuit the
reference voltage source is constituted by a current
mirror circuit. In all further respects the circuit is stmi-
lar to the circuit descnibed 1n the foregoing, the ele-
ments have given the same reference numerals and will
not be described in greater detail here.

In this embodiment the means for fixing a reference
voltage are constituted by a reference voltage source
RS which 1s assembled from two series arrangements
coupled between the two input terminals 1 and 2 of the
power supply circuit. One senes arrangement is formed
by a resistor Rigin series with the collector-emitter path
of a fifth transistor Ts. The base and the collector of the
transistor Ts are interconnected so that the transistor 1s
arranged as a diode. The second series arrangement
comprises two resistors R and Rz arranged 1n series
with the collector-emitter path of a sixth transistor Te.
A Zener diode Ds, whose anode is connected to the
junction point of the two resistors Rj; and Rj> and
whose cathode i1s connected to the emitter of transistor
T, 1s arranged in parallel with the resistor Rj2 and the
main current path of transistor Tg. The base of transistor
T 1s connected to the base of transistor Ts.

When a voltage is applied across the input terminals 1
and 2 a current starts flowing through the primary
branch, formed by the resistor Rgand the transistor Ts.
A base-emitter voltage Vg will then be produced
across the base-emitter junction of the fifth transistor
Ts, in correspondence with the current intensity. Con-
sequently the same base-emitter voltage V gr 1s present
across the base-emitter junction of the sixth transistor
Te so that, 1n this secondary branch of the current mir-
ror a current will flow of the same intensity as that in
the primary branch. Because of the Zener diode Ds the
junction point of the two resistors Rj; and R carries a
constant voltage equal to the break-down voltage of the
Zener diode. The voltage at the junction point of the
resistor Ri; with the collector of the sixth transistor Tg
is consequently equal to the difference between the
Zener voltage and the voltage across the resistor Rj2. In
view of the action of the current mirror this voltage 1s
equal to the product of the resistance value of Rj2 and
the current through the primary branch of the current
mirror. Since the current through the primary branch 1s
proportional to the input voltage across the terminals 1
and 2 the voltage at the collector of the sixth transistor
Tg 1s lower as the value of input voltage 1s higher. The
voltage at the collector of the transistor T¢ 1s applied as
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a reference voltage to the inverting input § of the com-
parator CP.

Finally. 1t should be noted that the means for fixing a
reference voltage, as described in the foregoing and
shown 1n the Figures, has an output voltage which
linearly depends on the input voltage of the power
supply circuit. It is of course possible to use means
which have a non-linear dependence. In that situation it
1s possible to adapt the input voltage-output current
charactenstic to a desired behaviour. Moreover, the
invention is not limited to a specific comparator. In
addition to the comparator described, different compar-
ators known to skilled in the art can alternatively be
used, for example, a push-pull amplifier.

We claim:

1. A power supply circuit for supplving a load from
input voltages of different magnitude, comprising: a

pair of input terminals for connection to a source of

unidirectional input voltage, means connecting a first
series arrangement including a primary winding of a
transformer and a first semiconductor switch to said
iput terminals, a second series arrangement including a
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secondary winding of the transformer and a rectifier
diode, said second series arrangement having terminals
for connection to the load, a second semiconductor
switch coupled t6 a control electrode of the first semi-
conductor switch for switching the first semiconductor
switch off a comparator having a first input connected
to a source of reference voltage, a second input and an
output coupled to a control input of the second semi-
conductor switch, means for supplying to said second
input of the comparator a signal proportional to the
current 1n said primary winding, and a positive feedback
circuit coupling an output terminal of the second semi-
conductor switch to said first input of the comparator.

2. A power supply circuit as claimed in claim 1,
wherein said positive feedback circuit comprises a ca-
pacitor, and said source of reference voltage includes a
control input for receiving a signal proportional to the
input voltage and means responsive thereto for supply-
ing to said first input of the comparator a reference

voltage which varies inversely with the input voltage.
* * * L ¥
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